reduces the need for surgical hematoma evacuations or shunt revisions due to SDH.
The Swedish Hydrocephalus Quality Register (SHQR) is a national registry initiated in 2004 with the primary aim of monitoring and supporting improvement of quality of hydrocephalus care in Sweden. Similar registries also exist in several other countries. 4, 7, 12 At the date of data retrieval for this study (September 1, 2015) , more than 4000 patients who had undergone operations due to hydrocephalus were included in the registry. We hypothesized that postoperative adjustment of the opening pressure of adjustable shunts has become an established way of treating SDH in Sweden. A second hypothesis was that long-term survival in patients with iNPH and an SDH is independent of treatment but less favorable than in those without an SDH. We evaluated the prevalence of SDHs, how these were treated, and the effect on long-term survival based on data from the SHQR.
Methods
More than 1800 patients with iNPH treated with shunt surgery in Sweden between 2004 and 2015 were included when evaluating the occurrence of SDH complications. All neurosurgical departments in Sweden participate in the SHQR in which data regarding patients undergoing hydrocephalus surgery is prospectively collected. SHQR contains information about clinical features and investigations before surgery, the surgical procedure, and information about the shunt and postoperative follow-up (3 and 12 months postoperatively), including adverse events and shunt revisions. To obtain information regarding diagnosis and mortality, data were also retrieved from two other national databases and patient identities cross-referenced to the SHQR.
The ethics committee at Umeå University approved the study. When a decision to undergo surgery is made, the patients are informed about their inclusion in the registry, and exclusion is always allowed.
Study Population
Since its inception on January 1, 2004, 4011 patients were registered in the SHQR. Patients undergoing endoscopic third ventriculostomy (n = 452), as well as patients receiving a diagnosis other than iNPH (n = 1713), were excluded. The final study population consisted of 1846 patients with iNPH treated with a ventriculoperitoneal CSF shunt. Data were collected from 3 national registries: 1) the SHQR, 2) the Swedish Hospital Discharge Registry (SHDR), and 3) the National Population Registry (NPR, equivalent to the National Inpatient Sample database in the US 15 ). The baseline characteristics of included patients are described in Table 1 and the inclusion process in Fig.  1 . The occurrence of an SDH was confirmed by CT of the brain when new symptoms appeared after shunt surgery or at scheduled follow-up at 3 and 12 months after surgery.
Registry Data and Validation
Age, sex, study site, date of surgery, type of shunt valve, presence of an antisiphoning device, adverse events, opening pressure adjustments, and shunt revisions were retrieved from the SHQR. All adverse events and additional treatments/revisions following the original shunt surgery were included from the date of shunt surgery to the date of data retrieval (September 1, 2015). Opening pressures for different shunt models were transformed to mm H 2 O for conformity. 3, 9 At one of the centers, a retrospective post hoc analysis on all patients undergoing surgical treatment for their SDH was performed by a senior consultant scrutinizing the patient files and CT/MR images of the brain. The combined information from these files and investigations was evaluated for symptoms and signs and classified as surgery needed or not needed.
The SHQR was manually validated against medical rec ords for all patients found to have an SDH. External validation was also performed by searching for the ICD-10 code I62.0 ("Subdural hemorrhage") in the SHDR. Positive findings were compared with complications registered in the SHQR, and possible mismatches were adjusted on the basis of information in the medical records. Deceased patients were confirmed through the NPR.
The concentration of all surgeries to a few centers (n = 7), audits between centers during the first years of registry startup, and the involvement of specific, dedicated personnel at each center registering all information in a structured manner ensured high patient coverage in the SHQR, and thus in this study.
Treatment of SDH
All patients were divided into the groups "SDH" (i.e., subdural hematoma or hygroma) and "no SDH." For the SDH group, treatment of SDH was categorized into 3 groups: 1) surgery, 2) opening pressure adjustments, and 3) no surgery and no adjustment. Patients having both a sur- 
Statistics
Statistical analyses were performed with PASW Statistics (version 23, IBM SPSS Statistics). Continuous variables were presented as median values and quartiles (quartile 1 [Q1], Q3). The Shapiro-Wilk test was used for testing normality distribution, and the Pearson chi-square test was used for comparison between groups. Time-toevent analysis was performed using the Kaplan-Meier method, and the log-rank test was used for comparisons between groups. The significance level was set at α = 0.05.
Results
During the study period, 88.6% of patients received an adjustable shunt valve. Between 2004 and 2015, the frequency of patients receiving an adjustable shunt increased from 75% to 95%, but there were considerable variations between centers (Fig. 2) . In patients treated with opening pressure adjustments, an average of 1.1 adjustments were made after the SDH incident. The distribution of shunt models is described in Table 1 .
Of 1846 included patients, 184 (10.0%) had an SDH. The frequency of SDH did not differ between fixed and adjustable shunts (p = 0.745, Table 1 ), and the distribution between different neurosurgical sites is shown in Table 2 . The median time between shunt surgery and the SDH was 223 days (Q1 56, Q3 590). Figure 3A shows the SDH treatment distribution for all 184 patients having an SDH. Of these patients, 165 had an adjustable shunt valve, and in this group, 62.4% (n = 103) were treated solely with opening pressure adjustments. Surgical treatment was received in 29.7% (n = 49) of cases compared with 89.5% (n = 17) in patients with fixed shunts (p < 0.001; Fig. 3B and C) . Treatment changes over the study period (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) are presented in Fig. 4 and differences between units in Fig.  5 . The retrospective post hoc analysis of symptoms and CT/MR images revealed that 50% of the patients treated with surgery could have been treated by valve adjustment instead. This was based on the findings that the patients had no clear symptoms related to the side of the SDH and no acute bleedings on the images of the brain.
Of the 184 patients with SDH, 9.2% (n = 17) experienced rebleedings. Of these, 9 were treated surgically after the first SDH, and 9 were treated surgically after the rebleeding. The others were treated conservatively or with opening pressure adjustment.
Survival
Mortality rates 1 year after an SDH complication are presented in Table 3 . In all, 9.8% of patients (n = 18) died within 1 year after SDH. Only 2 died less than 1 month after the complication date. No significant difference in mortality was observed between treatment groups. In Fig.  6 , the cumulative long-term survival rate for all patients is shown. There was no significant difference between the SDH and non-SDH groups (p = 0.593, Fig. 6A ), nor was there any difference in survival between the 3 treatment groups (p = 0.875, Fig. 6B ) or between the different centers (p = 0.119, Fig. 6C ).
FIG. 1. Study flow chart.

Discussion
Small case series indicate that surgical hematoma evacuations and shunt revisions could be avoided by using adjustable shunt valves. 2, 8, 11, 13 This hypothesis was supported in this large patient cohort, and the long-term survival associated with SDH and different treatment options was evaluated. We found that the use of adjustable shunts is well established and increasing in Sweden and that most SDHs are treated by opening pressure adjustments when adjustable shunts are present. It was also shown that neither the occurrence of an SDH nor the choice of treatment significantly affected long-term patient survival.
Treatment of SDH
Shunt surgery is a common treatment for iNPH, and the incidence of surgery has increased over the last decade. 17 In Sweden, adjustable shunt valves have been used to a varying extent since the beginning of the 1990s, 20 and when fixed valves are still applied, it is often for shortterm economic reasons. Considering that SDHs were as common in patients having fixed as well as adjustable shunts, health economics investigations might well prove adjustable shunts to be a less expensive option despite their higher purchase price. Thus, if the entire care situation is evaluated, including the cost of surgical versus shunt adjustment treatment for SDH, adjustable shunts are likely to be a valuable option in the long run.
Most Swedish neurosurgical departments used adjustable shunts during the study period. use of fixed valves diminished steadily (Fig. 2) . Interestingly, the application of opening pressure adjustment for treating SDH did not follow the same pattern but rather the opposite one (Fig. 4) . In this instance, part of the explanation is the inclusion of more fixed shunt valves during 2013-2015 when Unit 6 restarted their registration in the SHQR. Thus, most SDHs could be treated by an adjustment of the shunt opening pressure, and this was also the case, confirming the hypothesis that noninvasive postoperative adjustment has become an established way of treating SDHs in Sweden. While 90% of patients with an SDH and a fixed shunt valve were treated surgically, 30% of those having adjustable shunts were still surgically treated. The post hoc analysis of the need for surgery as compared with opening pressure adjustment also revealed that, according to the clinical and imaging pictures, the noninvasive option could have been applied to a higher degree. It is likely that tradition and lack of scientific evidence regarding the effect of the noninvasive option played an important part in the physician's choice of treatment, favoring surgery in complex cases instead of considering shunt adjustment as a first step.
The frequency of SDHs found in this study (10%) is low compared with a previous Swedish study 19 but higher than the average of 6.3% (range 2%-47%) presented in a recent systematic review. 18 However, the true incidence is uncertain due to follow-up routines. Most SDHs also occurred within the first year after shunt surgery, which emphasizes the importance of postoperative follow-up in this patient group.
Survival
The 1-year mortality rate and long-term survival rate did not differ significantly between patients with and without an SDH nor between treatment groups. Long-term survival stratified by center also revealed no significant differences. The seemingly higher cumulative survival in Unit 6 is likely due to low patient inclusion (n = 99) mainly during the last 3 years of the study period (2013) (2014) (2015) , thus rendering few cases of SDH (n = 7) and all but 1 being censored. Based on the substantial study population, this suggests that SDHs have a limited effect on survival in patients with iNPH and shunts. Thus, a noninvasive treatment appears to be as favorable as surgery but with fewer cosmetic disadvantages. The risk of rebleeding and infection could probably also be reduced, while likely gaining higher cost-effectiveness. The significantly higher proportion of noninvasive treatments in the group with adjustable shunts also indicates that, if patients with fixed valves had received adjustable shunts instead, it is most likely that many surgical procedures could have been avoided.
Although not significant, the mortality rate 1 year after a complication was higher in the patient group undergoing surgery than in the group treated with opening pressure adjustments. This suggests that a nonsurgical treatment could be preferable to a surgical one. There are, however, many factors influencing the outcome for patients in the SDH group, not the least of which is the complication itself. Subdural collections constitute a heterogeneous group of clinical conditions, and a large SDH with a mass effect is more likely to be treated with evacuation of the hematoma, whereas an asymptomatic hygroma is more likely to be treated by opening pressure adjustments (if an adjustable shunt valve is present).
Limitations of the Study
The SHQR prospectively collects data from all patients in Sweden who undergo operations due to hydrocephalus, and trends over time as well as between hospitals may be followed for comparison of treatments. The high coverage of the SHQR, and thus a large study population, supports the reliability of the results. The use of 3 different registries to verify data accuracy also ensures high accuracy of the treatments applied and complications occurring. However, SDHs are mainly diagnosed on follow-up CT examinations or when symptomatic; thus, it is likely that the true incidence of SDHs is even higher due to undiagnosed asymptomatic cases. However, because these are asymptomatic, they may be regarded as clinically less important.
Due to differing routines in clinical follow-up, changes in cardinal symptoms following SDH could not be evaluated in this study. Long-term survival is a very broad outcome variable; unfortunately, it does not mirror minor improvement/deterioration over time, which is likely to affect the quality of life of the patient. On the other hand, long-term survival is a well-defined parameter that reflects the success rate of the treatment, and its assessment is highly reliable. We also suspect that the number of opening pressure adjustments following SDH might be somewhat underestimated. For this simple procedure, no- There was no significant difference in mortality between the treatment groups.
tations into the medical journal might not be performed for all adjustments, making registration into the SHQR more difficult. A limitation of this study is that it was not possible to make a distinction between SDH and hygroma. Due to their clinically similar manifestations, the SHQR has chosen not to separate them; thus, SDH and hygroma had to be treated as one entity in this study.
It may be difficult to dissociate the effect of center or surgeon from the effect of the valve system. However, this multicenter study reflects the general situation within the health care system in Sweden and it includes 7 different neurosurgical units and several surgeons in each hospital. Thus, the fixed/adjustable valves were distributed over many hospitals and surgeons, and this likely eliminated any systematic effects rendered from a specific center/surgeon on the overall outcome.
Conclusions
SDHs are common complications in patients with iNPH and shunts, and in Sweden the proportion of patients who undergo operations to receive an adjustable shunt valve has increased steadily during the period from 2004 to 2015. Upregulation of the shunt opening pressure has become an established method of treatment of SDH, and mortality analysis shows that neither subdural collections nor choice of treatment reduce the survival rate in this patient group. Health economics investigations are warranted to prove the overall advantage of adjustable shunt valves from an economic viewpoint. Thus, because SDHs can be treated noninvasively, one of the complications most commonly associated with shunt surgery in patients with iNPH might not be categorized as a serious adverse event after all.
